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Abstract
Background
National guidelines (NICE-CG175) recommended 12 weeks of supervised exercise training
for men treated with androgen deprivation therapy (ADT) for prostate cancer to counter
debilitating adverse effects of castration. As with other chronic conditions where exercise is
indicated, it is uncertain if these services are being delivered in the health services. The aim
of this multi-centre investigation was to examine what exercise referral is currently available
for men on ADT as provided by the NHS and if a supervised, individually-tailored exercise
training package (as per the national NICE guidelines CG175) is embedded within prostate
cancer care.
Methods
A multi-centre investigation of current National Health Service (NHS) care involving a web-
based survey of NHS prostate cancer care, five focus groups involving 26 men on ADT and
37 semi-structured interviews with healthcare professionals (HCPs) involved in the manage-
ment of prostate cancer. Descriptive statistics and thematic analysis evaluated quantitative
and qualitative data, respectively. Qualitative methods followed COREQ standards.
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Results
HCPs and men on ADT asserted that medical castration has a serious and debilitating
impact on many features of men’s quality of life. There is support for exercise training pro-
grammes as part of cancer care and patients would support their initiation soon after diagno-
sis. Involving the Multidisciplinary Team (MDT) is proposed as key to this. Critically,
traditional values in oncology would need to be overcome for widespread acceptance. Spe-
cialist further training for HCPs around behaviour change support could encourage this.
Given that these schemes are seen as a fundamental part of cancer care, it is felt the NHS
should commission and support provision. 79 representatives of 154 NHS trusts (51%) pro-
vided survey data on current delivery: only 17% could provide supervised exercise as per
CG175.
Conclusions
Evidence-based national exercise guidelines are not being delivered to men on ADT as
intended. Traditional values in oncology and the need for NHS financial support are seen as
major barriers to provision of current best practice guidelines. Despite this both HCPs and
men on ADT are in favour of such programmes being a fundamental part of their cancer
care.
Introduction
In 2014, approximately 47,000 men were newly diagnosed with prostate cancer in the UK,
with 11,000 resultant deaths per annum.[1] Androgen deprivation therapy (ADT)[2] is stan-
dard treatment in the NHS[3] delivered neo-adjuvantly with radiotherapy for localised and
locally advanced disease and as monotherapy for metastatic disease (more recently in combi-
nation with taxane-based chemotherapy).[4] Around one half of men with prostate cancer will
undergo such treatment.[5] Given current incidence data for prostate cancer it is likely that
around 20,000 men are initiated on ADT annually and approximately 125,000 men in the UK
will be maintained on ADT this year. It is estimated that by 2020 and 2030 this will be over
200,000 and 300,000 men respectively.[6]
ADT adversely impacts quality of life (QoL) causing fatigue, reduced muscle mass, sexual
problems, and increases risk of fracture and acute kidney injury.[5,7–14] In men with
advanced prostate cancer the prevalence of dementia, depression, anxiety or psychosis is
around 1 in 4.[15] Furthermore, long-term ADT has been linked with worsening cardiovas-
cular health.[16] This is of concern as men with prostate cancer already constitute a high-
risk population for cardiovascular disease.[17] As well as the distress and loss of QoL to the
individual, these side-effects place additional burden on healthcare services and support
networks.
Unmet needs and ongoing support requirements from men diagnosed with prostate cancer
are established.[18,19] Numerous strategies for managing side-effects are tried in practice, but
exercise training is the only evidence-based supportive therapy for improving disease-specific
QoL in men on ADT [20,21]. The National Institute for Health and Care Excellence (NICE) in
the UK (NICE-CG175) and the European Association of Urology (EAU) have both recom-
mended supervised exercise training as part of standard treatment for men with prostate can-
cer on long-term ADT.
Exercise training in clinical practice for men on ADT
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The aim of this multi-centre investigation was to examine what exercise referral is currently
available for men on ADT as provided by the NHS and if a supervised, individually-tailored
exercise training package (as per the national NICE guidelines CG175) is embedded within
prostate cancer care.
Materials and methods
UK NHS (15/SW/0260) and University ethical boards provided approval for this study. The
programme of work consisted of 3 components:, semi-structured interviews with healthcare
professionals (HCPs), focus groups with men with prostate cancer on ADT and a national
online survey of members of stakeholder organisations involved in the delivery of prostate can-
cer care.
Methods for qualitative reporting were guided by the COREQ standards [22] (S1 File).
Interview and focus group participants were recruited between August 2015 and June 2016:
written informed consent was obtained from participants.
Semi-structured interviews
Semi-structured qualitative interviews were conducted with HCPs recruited via professional
organisations and local authority employees working in diverse roles representing different
disciplines within the NHS prostate cancer care and exercise referral pathway (see Table 1).
Interviews (n = 37) were conducted either face-to-face (n = 7) or by telephone (n = 30) and
lasted between 20 and 50 minutes. Interviews covered inter alia HCP roles, adverse effects of
ADT, awareness, and practice with respect to the recent national (NICE-CG175) guidelines,
problems with offering structured exercise programmes in standard care and the need for fur-
ther education/training of HCPs (S2 File).
Focus groups
Focus groups were facilitated by members of the research team supported by a patient repre-
sentative. Twenty-six men with prostate cancer on ADT for at least 6 months were recruited
from urology out-patients departments at the Royal Hallamshire and Chesterfield Royal Hos-
pitals (approached by the research team during routine follow-up, from prostate cancer
Table 1. Characteristics of healthcare professionals participating in interviews.
Profession Consultant Urologist 24.3% (9)
Oncologist 27% (10)
Clinical Nurse Specialist 16.2% (6)
General Practitioner 8.1% (3)
Physiotherapist 8.1% (3)
Exercise Specialist 5.4% (2)
Service Manager 2.7% (1)
Clinical Commissioner 8.1% (3)
Primary Care Physician 2.7% (1)
Institution Teaching Hospital 24.3% (9)
District Hospital 18.9% (7)
University 2.7% (1)
Community 13.5% (5)
Cancer centre 29.7% (11)
Primary Care 10.8% (4)
https://doi.org/10.1371/journal.pone.0197606.t001
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support groups, or via recruitment posters). See Table 2 for details. Study information was
posted to the homes of men who expressed an interest, and phone calls were made after 24
hours of them receiving this information to invite them to a group. Participants completed a
demographic questionnaire, the Godin Leisure-Time Exercise Questionnaire[23] and WHO-
DAS II Questionnaire[24],upon arrival.
During the focus groups (S3 File) discussions firstly centred around physical activity and
experiences of prostate cancer, followed by more in-depth questions regarding QoL and views
Table 2. Focus group characteristics.
Age (yrs) 55–59 7.7% (2)
60–69 38.5% (10)
70–79 38.5% (10)
80–89 15.4% (4)
Ethnicity White British 96.2% (25)
African/ Afro-Caribbean origin 3.8% (1)
Educational status Degree or other higher education 26.9% (7)
‘A’ level or equivalent in other country 14.3% (4)
GSCE or equivalent in other country 7.7% (2)
Other qualification 10.7% (3)
No formal qualification 35.7% (10)
Marital Status Married or living with partner 80.8% (21)
Divorced or separated 11.5% (3)
Widowed 7.7% (2)
Employment status Full time employment 7.7% (2)
Self-employment 7.7% (2)
Retired 64.3% (18)
Voluntary Work 3.8% (1)
Sick or disabled 3.8% (1)
Other 7.7% (2)
Length of diagnosis <6 months 7.7% (2)
6 months– 3 years 50.0% (13)
3–5 years 15.4% (4)
5+ years 26.9% (7)
Length of ADT <6 months 7.7% (2)
6 months– 3 years 65.4% (17)
3–5 years 15.4% (4)
5+ years
Need to add up to 26 or add in ‘missing’
11.5% (3)
Co-morbidities reported High Blood pressure 7
Type 2 diabetes 3
Respiratory 6
Cardiac 4
Arthritis 1
Colitis 3
Other 4
Musculoskeletal/ spinal 3
None 6
11 men reported more than one co-morbidity
https://doi.org/10.1371/journal.pone.0197606.t002
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on exercise training as a way to manage side-effects of ADT. The practicalities of accessing an
integrated exercise programme were also debated. Adverse effects of ADT and coping styles
were discussed within the groups to understand how exercise might be embedded in standard
care. All focus groups and interview participants provided informed consent.
Electronic survey
We contacted (via email) HCPs working in NHS prostate cancer care (see Table 3) through
their professional bodies (British Association of Urological Nurses, British Association of Uro-
logical Surgeons, British Uro-Oncology Group, Primary Care Urology Society) and commis-
sioners via clinical leads and accountable officers of all Clinical Care Groups (CCG) in
England and requested they complete an electronic survey of their current practice activity (S4
File). The questionnaire was developed and refined in partnership with a dedicated study
patient and public involvement panel. Any missing or incomplete survey responses were sup-
plemented by data from local provider webpages and follow-up letters, phone calls and emails.
Letters were also sent to all CCGs within England. Links to our survey were also advertised to
health care professionals on the social media site, Twitter.
Analysis
Interviews and focus groups were recorded digitally and transcribed verbatim. Data were ana-
lysed using a thematic framework approach [25] with the aid of NVIVO software. Transcripts
were double coded by study researchers. Key themes and sub-themes were identified. To
determine variance in exercise training provision, two independent investigators rated the sur-
vey data by location in regards to likelihood of providing exercise services according to NICE
guidance. Key indicators were: availability of local exercise referral schemes, multi-disciplinary
team working, access to specialists in exercise prescription, supervised exercise provision, par-
allel behaviour change services and any specialist staff training programmes: please see Fig 1.
The locations were mapped by postcode (ArcMap software v.10.2) using graduated symbols
(circles) with a combination of size and colour indicating the grading.
Results
i. Semi-structured interviews with HCPs
Table 4 contains the full list of themes and sub themes arising from the 37 HCP interviews. For
the purposes of brevity and clarity, key themes related to exercise provision with illustrative
Table 3. Survey respondent’s profession.
Profession n
Allied Health Care Professional 3
Cancer Care Commissioner 3
Exercise Physiologist 3
General Care Commissioner 1
General Practitioner (GP) 7
Nurse 20
Oncologist 4
Physiotherapist 3
Urologist 35
Other 16
Total 95
https://doi.org/10.1371/journal.pone.0197606.t003
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quotes are detailed below. All qualitative data used to construct themes and sub-themes can be
found in S5 File.
Impact of ADT: QoL. ADT was widely acknowledged as having significant adverse effects
on social functioning and general QoL. A particular aspect that was identified was the impact
on physical ability.
“. . . it’s overwhelming and life-changing and devastating.” (CNS)
“. . .my patients . . . a lot of them were builders—they say that they don’t do the heavy work
anymore” (ONC)
Fig 1. The distribution of survey respondents across the UK based on investigator-rated scores. The blue (larger)
circles indicate locations with good (15–19 score) or moderate (10–14 score) capability to deliver exercise training
according to NICE CG175.The (smaller) red circles indicate no (0–4 score) or limited (5–9 score) ability to deliver exercise
training according to NICE CG175.
https://doi.org/10.1371/journal.pone.0197606.g001
Exercise training in clinical practice for men on ADT
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Embedding in the NHS: Delivery of a supervised exercise training programme. Suc-
cessful delivery of a prostate cancer specific exercise training programme as per the guidelines
(NICE-CG175) was considered dependent upon having HCPs with the necessary skills. These
include experience of exercise prescription, supervision and dealing with any comorbidities, to
allow tailoring of the exercises to the individual’s needs and abilities. There was a general lack
of consensus as to who could fulfil this role.
“. . . I think the actual assessing and doing the intervention should probably be, I would say,
a physiotherapist probably because I am a physiotherapist.” (PHY)
“I’m not sure it’s quite the physiotherapist’s role . . .somewhere between a personal trainer
and someone . . . at the leisure centre doing exercise classes and things.” (URO)
Table 4. All interview themes and sub-themes.
Themes Sub themes
Impact of ADT Side Effects
Quality of Life (QoL) and Coping
New NICE guidelines on exercise for men on ADT in the NHS Awareness
Standard of care
Level of Conviction
Clinical effectiveness
Perceived benefits and purpose
General Physical and Mental Health
Management of Side-effects
Embedding in the NHS Delivery of Programme
Referral
MDT Role
Setting
Feedback
Evidence Base
Championing
Awareness of exercise programmes
Commissioning Cost-Effectiveness
HCP Barriers Referral process
Resources
Competencies
Traditional Values
Potential solutions Evidence Base
Specialist further training
Patient Barriers Impact of treatment
Information Giving
Worries and concerns
Practicalities
Potential solutions Necessity
Support
Organisational barriers Funding
Resources
HCP Training Practicalities
Commitment
Skills training
Behaviour change and communication
Referral Process
Awareness
https://doi.org/10.1371/journal.pone.0197606.t004
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“I think someone with an interest . . . in this whole health benefit thing, and it could be a
physio, could be a CNS.” (URO)
Embedding in the NHS: Role of the MDT. Integrating of exercise training within the
MDT discussion of the care package was highlighted as a priority, without which successful
implementation would be unlikely.
“Let’s get serious on it (sic exercise training),. . . every place should be having a robust lead
running MDT, ok. No place in this country should say that they don’t have an effective
MDT.” (ONC)
Commissioning: Cost-effectiveness. There was uncertainty as to whether exercise pro-
grammes for prostate cancer should receive funding from the NHS (cf ADT/chemotherapy). It
was considered essential that these programmes should be embedded within the core service.
Systemic benefits of exercise could make it cost-effective, given potential benefits in reducing
psychological or cardiovascular complications of ADT.
“I think unfortunately the pragmatic side of it is unlikely that the NHS would be able to
kind of fund all of it . . .” (CNS)
“I mean, if there’s provision for a charity or if there’s provision for any money by the NHS
that’s going to be . . . so if it’s still free to the patient, I’d rather tap into it because you know,
we’re in austerity at the moment . . .” (URO)
“And it’s not just going to help with fatigue, it’s going to help psychologically. So perhaps
referrals onto our clinical psychologist which probably costs a fortune cos they’ll come
down.”(CNS)
“. . .we won’t have to perhaps see them so often because they’ll feel better about themselves
maybe; it’ll reduce phone calls—we get a loads of patient phone calls, you know, just need-
ing a bit of reassurance over the phone.” (CNS)
HCP barriers: Traditional values. It was considered that clinicians might be quite con-
servative as to the possible benefits of exercise training, particularly in elderly patients with
metastatic cancer. These values were considered a potential barrier the integration of exercise
training in standard treatment.
“I mean for some people, the idea to put 80-year old people on treadmills is close to torture
. . .” (GP)
“You may get certain, you know, some doctors who just maybe don’t see the value of it.”
(CNS)
HCP Training: Behaviour change and communication. The importance of educating
HCPs in behaviour change techniques, including specific approaches such as motivational
interviewing, were highlighted as key to enabling integration of exercise training into the stan-
dard clinical pathway.
“I probably would need to do a little bit more work into behavioural change to look at really
how you guide someone as expertly as possible to make positive health changes . . .” (PHY)
Exercise training in clinical practice for men on ADT
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“So you have to have the ability to do that. I don’t think any healthcare professional could
do that without, certainly not without training at least.” (PHY)
ii. Focus groups
The age range of participants was between 58–84 years. The majority were of white British eth-
nicity (96%), which was broadly reflective of the local population. The mean duration of ADT
was 2.3 years (SD = 0.8). A number of the men suffered with comorbidities such as arthritis,
hypertension, cardiac disease and diabetes. Godin Leisure-Time Exercise Questionnaire
mean = 24.3 (SD = 21.4) and WHODAS II Questionnaire score mean = 14.4 (SD = 15.1).
Table 5 outlines the main themes arising from the 5 focus groups involving 26 men on
ADT for prostate cancer. Illustrative quotes are provided for more detail below.
Experience of hormone therapy: Adverse effects and impact on QoL. A wide range of
adverse effects were reported. The most common included weight gain, hot flushes, fatigue,
sexual dysfunction, the need to urinate more frequently and emotional lability.
“I hate it with an absolute passion. It’s because it’s changed my personality so much.”
“Hot flushes do make you tired. It shattered me completely.”
“I’m an emotional wreck. I’m not the person that my partner was marrying into.”
“Well, no sex for starters . . .”
Adherence: Barriers. Physical activity levels varied amongst individuals, but all the men
stated that they would like to be more active. Co-morbidities, pain, fear of injury and lack of
physical fitness were mentioned as barriers to exercise.
“But I’m wary now of falling over.”
“It’s not through lack of wanting to, . . . I’ve got half the haemoglobin floating around in my
body.”
“I’m slightly out of sync, because at the moment I’m having chemotherapy and the chemo
tends to have significant effects every three weeks. So I find there’s times where I just don’t
do very much at all and the steroids kind of make me put weight on.”
Table 5. All focus groups themes and sub-themes.
Themes Sub themes
Experience of hormone therapy Adverse effects of hormone therapy
Impact upon QoL
Impact upon identity
Coping Approach coping style
Avoidant coping style
Value of physical activity Side-effects of hormone therapy
Adherence to exercise programmes Barriers
Solutions
Patient centred design of exercise schemes Social contact
Referral process
Information giving
Delivery
Emotional support
https://doi.org/10.1371/journal.pone.0197606.t005
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Adherence: Solutions. Social interactions within group training sessions were seen as
potentially important factors to help improve uptake and adherence rates of an exercise pro-
gramme. Tailoring was seen as essential, particularly in men with other co-morbidities.
“In my opinion, it’s better in a group. I know some people like to do it individually, but
from personal experience, it’s better in a group . . .”
“The key thing that would make me engage with it, is if it was individualised to me . . .”
Patient centred design: Referral process. The timing of referral was viewed as crucial.
Views were mixed on when the programme should be offered to the men, however, it was
agreed it should not be offered at the end of treatment. Offering a referral onto an exercise pro-
gramme as soon as treatment is initiated was broadly supported.
“If exercise is proven to be beneficial to prostate cancer, then it’s beneficial as soon as you
diagnose it.”
Whereas having a period of time to “digest” the diagnosis and information, then having
access to the programme which would continue whilst they were receiving treatment felt more
appropriate to some men:
“To answer your question, I’d rather on being diagnosed, find out what treatment they’re
going to give me. Let me settle down a bit, let me come to terms with where I am and how
I’m going to handle it, from both a personal and the family and wider circle of friends.”
The men felt that it was the consultant’s job to broach the subject of exercise initially, mak-
ing them aware of the benefits of being active and making it specific to prostate cancer Having
the appropriate written information on the benefits of exercise to support this and information
on the programme itself would also be necessary. Further advice would be preferred to be
given face to face by the nurse practitioner, with the nurse practitioner being responsible for
going through any worries or concerns the men had. Being “sold” the exercise by the consul-
tants, and the nurse practitioners would be best placed to provide encouragement:
“Yes, I agree with that. You have to be sold because you’ve been hit by the fact that you’ve
got cancer and you need somebody to actually sell it and say “Look, we think this is going
to work for you. I think you should try these exercises”.”
iii. Electronic survey
A total of 95 responders from 79/154 NHS trusts provided data (51%). Anonymised survey
response data and investigator ratings can be found in S6 File. From these 95 responses, 38
unique locations were rated as ‘moderately’ or ‘highly’ capable of delivering the NICE recom-
mendation. Integrated descriptions of these sites based on survey data, interviews and follow-
up phone calls can be found in S7 File. From follow-up phone calls to CCGs, HCPs and com-
munity exercise providers, a further 9 such locations were identified and rated, giving a total of
47 locations. NHS professionals and non-NHS sources provided 31 and 16 of these locations,
respectively. Fig 1 depicts the distribution of these sites geographically. There is variability in
duration, frequency and delivery with supervision of any kind being provided in 25 (53%) and
twice-weekly supervised sessions in 8 (17%). Schemes lasting 12 weeks or more are reported
by 24 (51%) and involvement of an ‘exercise specialist’ in the delivery in 21 (45%). There are
Exercise training in clinical practice for men on ADT
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only three prostate cancer-specific programmes and two of these described the exercise provi-
sion as being integrated into the usual prostate cancer care pathway.
Discussion
Our data indicates there is minimal evidence that integration and provision of exercise train-
ing as per NICE CG175 is happening in practice. Whilst there is enthusiasm around exercise
for men on ADT, HCPs involved in the prostate cancer care pathway find implementation of
these guidelines problematic. The development of specialised education/training packages for
HCPs for supporting exercise training and also the development of the evidence base were
identified as factors requiring attention. Men on ADT asserted that their treatment does
indeed have negative consequences on quality of life and that they would be enthusiastic about
the provision of exercise training to address some of these issues. Any such service would need
to be tailored to individual capabilities and existing co-morbidities.
It is important to acknowledge some key limitations of these analyses. The recruitment pro-
cedure did not allow us to calculate response rates for the survey as professional bodies acted
as intermediaries in the identification process. We are not aware of any other recent studies
undertaking similar analyses in the UK and as such these results provide unique data around
the question of exercise provision for men on ADT according to the most recent iteration of
the NICE guidelines. In addition, we relied on respondents to be a member of professional
bodies or groups and to be actively reading emails from the group, which might have biased
the sampling. We did not survey private sector providers, cancer related charities or voluntary
agencies that might provide exercise referral schemes for people with cancer. Survey data from
only 51% of NHS trusts could introduce the possibility of selection bias.
The provision of exercise therapy for long-term conditions is not a new concept. Exercise
rehabilitation/training for cardiovascular disease is a useful comparison.[26] Meta analyses of
randomised trials have reported benefits in terms of better overall mortality and cardiovascular
mortality and reduced risk of hospital admission.[27,28] However, the delivery of exercise
training with the fidelity that would reproduce the benefits reported in the clinical studies in
NHS service is not a reality. Serious problems around staffing levels, multi-disciplinary
involvement, exercise prescription (frequency, intensity and duration), parallel behaviour
change support and the method of exercise delivery have been highlighted by senior academics
leading the National Audit of Cardiac Rehabilitation.[29] Crucially, less than 5% of pro-
grammes in the UK state that they have a doctor as part of the multi-disciplinary team. With
this fundamental lack of embedding of exercise services in core cardiac care, it is easy to see
how they can become an afterthought and sub-optimally implemented (where done at all).
Men with prostate cancer consistently report unmet needs.[18] Previous analysis of pro-
spective data taken from NHS services has highlighted that unmet needs in cancer survivors
tend to stay unmet.[30] Despite the publication of this data (which is over a decade old), it is
unclear where the innovation in cancer care pathways has taken place in the NHS—there are
certainly very few multi-centre trials of supportive survivorship therapies that have provided
both clinical and cost-effectiveness data. This is despite two key government policy documents
in 2011 and 2015 highlighting the increasing importance of cancer survivorship.[31,32] Inde-
pendent reports from CRUK assessing the implementation of the UK’s cancer strategies sug-
gests that whilst cancer survivorship issues are broadly better appreciated in the NHS,
dedicated services are seen as ’soft’ and tend to be viewed as lower priority and particularly vul-
nerable in ’challenging financial climates’.[33] Indeed, it is often left to specialist cancer chari-
ties to fund enhanced cancer survivorship services including exercise referral services.
Exercise training in clinical practice for men on ADT
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Conclusion
There is substantial variability in exercise training delivery across the UK, with little provision
available in line with the NICE guidance (CG175). Men on ADT for prostate cancer should be
supported through treatment with dedicated, supervised exercise training and where available
clinical teams should be making the appropriate referrals for their patients. Further research is
likely needed to explore how to embed these services where referrals are not already happening.
Supporting information
S1 File. COREQ 32 item checklist.
(DOCX)
S2 File. Semi-structured interview schedule.
(DOCX)
S3 File. Focus group topic guide.
(DOCX)
S4 File. Online survey template.
(DOCX)
S5 File. Qualitative data.
(DOCX)
S6 File. Anonymised survey responses.
(XLSX)
S7 File. Site descriptions.
(DOCX)
Acknowledgments
#The STAMINA investigators also included Dr Abigail Fisher & Professor Jane Wardle
(UCL), Dr Geoff Wong (University of Oxford), Professor Julia Brown (University of Leeds),
Professor Stephanie Taylor and Dr Dylan Morrissey (Queen Mary University of London).
Author Contributions
Conceptualization: Liam Bourke, Eileen Sutton, Dianna Smith, Amanda Farrin, Jenny Hewi-
son, Derek J. Rosario.
Data curation: Rebecca Turner, Rosa Greasley, Eileen Sutton, Dianna Smith.
Formal analysis: Liam Bourke, Rebecca Turner, Rosa Greasley, Liz Steed, Dianna Smith, Ben
Kelly, Derek J. Rosario.
Funding acquisition: Liam Bourke, Eileen Sutton, Liz Steed, Janet Brown, Claire Hulme,
Diana Greenfield, Amanda Farrin, Jenny Hewison, Derek J. Rosario.
Investigation: Rosa Greasley, Eileen Sutton.
Methodology: Liam Bourke, Eileen Sutton.
Project administration: Rebecca Turner.
Software: Dianna Smith.
Supervision: Eileen Sutton, Derek J. Rosario.
Exercise training in clinical practice for men on ADT
PLOS ONE | https://doi.org/10.1371/journal.pone.0197606 July 5, 2018 12 / 14
Validation: Rosa Greasley, Liz Steed.
Writing – original draft: Liam Bourke, Rebecca Turner, Rosa Greasley, Eileen Sutton, Liz
Steed, Dianna Smith, Janet Brown, Ben Kelly, Claire Hulme, Diana Greenfield, Raj Persad,
Amanda Farrin, Jenny Hewison, Derek J. Rosario.
Writing – review & editing: Liam Bourke, Rebecca Turner, Rosa Greasley, Eileen Sutton, Liz
Steed, Dianna Smith, Janet Brown, Ben Kelly, Claire Hulme, Diana Greenfield, Raj Persad,
Amanda Farrin, Jenny Hewison, Derek J. Rosario.
References
1. CRUK Prostate cancer statistics (2014). Accessed 10/02/17 at http://www.cancerresearchuk.org/
health-professional/cancer-statistics/statistics-by-cancer-type/prostate-cancer
2. Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, et al. (2014) EAU guidelines on prostate can-
cer. Part II: Treatment of advanced, relapsing, and castration-resistant prostate cancer. European Urol-
ogy 65: 467–479. https://doi.org/10.1016/j.eururo.2013.11.002 PMID: 24321502
3. NICE (2014) Prostate cancer: diagnosis and treatment. NICE clinical guideline 175.
4. James ND, Sydes MR, Clarke NW, Mason MD, Dearnaley DP, et al. (2016) Addition of docetaxel, zole-
dronic acid, or both to first-line long-term hormone therapy in prostate cancer (STAMPEDE): survival
results from an adaptive, multiarm, multistage, platform randomised controlled trial. Lancet 387: 1163–
1177. https://doi.org/10.1016/S0140-6736(15)01037-5 PMID: 26719232
5. Bourke L, Kirkbride P, Hooper R, Rosario AJ, Chico TJ, et al. (2013) Endocrine therapy in prostate can-
cer: time for reappraisal of risks, benefits and cost-effectiveness? British Journal of Cancer 108: 9–13.
https://doi.org/10.1038/bjc.2012.523 PMID: 23321508
6. Maddams J, Utley M, Moller H (2012) Projections of cancer prevalence in the United Kingdom, 2010–
2040. Br J Cancer 107: 1195–1202. https://doi.org/10.1038/bjc.2012.366 PMID: 22892390
7. Gandaglia G, Sun M, Hu JC, Novara G, Choueiri TK, et al. (2014) Gonadotropin-releasing Hormone
Agonists and Acute Kidney Injury in Patients with Prostate Cancer. Eur Urol: 66(66):1125–1132.
8. Storey DJ, McLaren DB, Atkinson MA, Butcher I, Frew LC, et al. (2012) Clinically relevant fatigue in
men with hormone-sensitive prostate cancer on long-term androgen deprivation therapy. Ann Oncol
23: 1542–1549. https://doi.org/10.1093/annonc/mdr447 PMID: 22007078
9. Galvao DA, Spry NA, Taaffe DR, Newton RU, Stanley J, et al. (2008) Changes in muscle, fat and bone
mass after 36 weeks of maximal androgen blockade for prostate cancer. BJU Int 102: 44–47. https://
doi.org/10.1111/j.1464-410X.2008.07539.x PMID: 18336606
10. Louda M, Valis M, Splichalova J, Pacovsky J, Khaled B, et al. (2012) Psychosocial implications and the
duality of life outcomes for patients with prostate carcinoma after bilateral orchiectomy. Neuro Endocri-
nol Lett 33: 761–764. PMID: 23391980
11. Levine GN, D’Amico AV, Berger P, Clark PE, Eckel RH, et al. (2010) Androgen-deprivation therapy in
prostate cancer and cardiovascular risk: a science advisory from the American Heart Association,
American Cancer Society, and American Urological Association: endorsed by the American Society for
Radiation Oncology. CA Cancer J Clin 60: 194–201. https://doi.org/10.3322/caac.20061 PMID:
20124400
12. Beebe-Dimmer JL, Cetin K, Shahinian V, Morgenstern H, Yee C, et al. (2012) Timing of androgen depri-
vation therapy use and fracture risk among elderly men with prostate cancer in the United States. Phar-
macoepidemiol Drug Saf 21: 70–78. https://doi.org/10.1002/pds.2258 PMID: 22114014
13. Lapi F, Azoulay L, Niazi MT, Yin H, Benayoun S, et al. (2013) Androgen deprivation therapy and risk of
acute kidney injury in patients with prostate cancer. JAMA 310: 289–296. https://doi.org/10.1001/jama.
2013.8638 PMID: 23860987
14. Stone P, Hardy J, Huddart R, A’Hern R, Richards M (2000) Fatigue in patients with prostate cancer
receiving hormone therapy. Eur J Cancer 36: 1134–1141. PMID: 10854947
15. DiBlasio CJ, Hammett J, Malcolm JB, Judge BA, Womack JH, et al. (2008) Prevalence and predictive
factors for the development of de novo psychiatric illness in patients receiving androgen deprivation
therapy for prostate cancer. Can J Urol 15: 4249–4256. PMID: 18814813
16. O’Farrell S, Garmo H, Holmberg L, Adolfsson J, Stattin P, et al. (2015) Risk and timing of cardiovascular
disease after androgen-deprivation therapy in men with prostate cancer. J Clin Oncol 33: 1243–1251.
https://doi.org/10.1200/JCO.2014.59.1792 PMID: 25732167
Exercise training in clinical practice for men on ADT
PLOS ONE | https://doi.org/10.1371/journal.pone.0197606 July 5, 2018 13 / 14
17. Newschaffer CJ, Otani K, McDonald MK, Penberthy LT (2000) Causes of death in elderly prostate can-
cer patients and in a comparison nonprostate cancer cohort. J Natl Cancer Inst 92: 613–621. PMID:
10772678
18. King AJ, Evans M, Moore TH, Paterson C, Sharp D, et al. (2015) Prostate cancer and supportive care:
a systematic review and qualitative synthesis of men’s experiences and unmet needs. Eur J Cancer
Care (Engl) 24: 618–634.
19. Bourke L, Sohanpal R, Nanton V, Crank H, Rosario DJ, et al. (2012) A qualitative study evaluating expe-
riences of a lifestyle intervention in men with prostate cancer undergoing androgen suppression ther-
apy. Trials 13: 208. https://doi.org/10.1186/1745-6215-13-208 PMID: 23151126
20. Nguyen PL, Alibhai SM, Basaria S, D’Amico AV, Kantoff PW, et al. (2014) Adverse Effects of Androgen
Deprivation Therapy and Strategies to Mitigate Them. Eur Urol: 67(65):825–836.
21. Bourke L, Smith D, Steed L, Hooper R, Carter A, et al. (2015) Exercise for Men with Prostate Cancer: A
Systematic Review and Meta-analysis. Eur Urol: 69(64):693–703.
22. Tong A, Sainsbury P, Craig J (2007) Consolidated criteria for reporting qualitative research (COREQ): a
32-item checklist for interviews and focus groups. International Journal for Quality in Health Care 19:
349–357. https://doi.org/10.1093/intqhc/mzm042 PMID: 17872937
23. Godin G, Jobin J, Bouillon J (1986) Assessment of leisure time exercise behavior by self-report: a con-
current validity study. Can J Public Health 77: 359–362. PMID: 3791117
24. Garin O, Ayuso-Mateos JL, Almansa J, Nieto M, Chatterji S, et al. (2010) Validation of the "World Health
Organization Disability Assessment Schedule, WHODAS-2" in patients with chronic diseases. Health
Qual Life Outcomes 8: 51. https://doi.org/10.1186/1477-7525-8-51 PMID: 20482853
25. Ritchie J, Spencer L (1994) Qualitative data analysis for applied policy research. London: Routledge.
26. Dalal HM, Doherty P, Taylor RS (2015) Cardiac rehabilitation. BMJ 351: h5000. https://doi.org/10.
1136/bmj.h5000 PMID: 26419744
27. Heran BS, Chen JM, Ebrahim S, Moxham T, Oldridge N, et al. (2011) Exercise-based cardiac rehabilita-
tion for coronary heart disease. Cochrane Database Syst Rev: CD001800. https://doi.org/10.1002/
14651858.CD001800.pub2 PMID: 21735386
28. Anderson L, Thompson DR, Oldridge N, Zwisler AD, Rees K, et al. (2016) Exercise-based cardiac reha-
bilitation for coronary heart disease. Cochrane Database Syst Rev: CD001800. https://doi.org/10.1002/
14651858.CD001800.pub3 PMID: 26730878
29. Doherty P, Lewin R (2012) The RAMIT trial, a pragmatic RCT of cardiac rehabilitation versus usual
care: what does it tell us? Heart 98: 605–606. https://doi.org/10.1136/heartjnl-2012-301728 PMID:
22505460
30. Armes J, Crowe M, Colbourne L, Morgan H, Murrells T, et al. (2009) Patients’ supportive care needs
beyond the end of cancer treatment: a prospective, longitudinal survey. J Clin Oncol 27: 6172–6179.
https://doi.org/10.1200/JCO.2009.22.5151 PMID: 19884548
31. DOH (2011) Improving outcomes: a strategy for cancer. Accessed 21/05/16 https://www.gov.uk/
government/uploads/system/uploads/attachment_data/file/213785/dh_123394.pdf.
32. The Independent Cancer Taskforce (2015) ACHIEVING WORLD-CLASS CANCER OUTCOMES A
STRATEGY FOR ENGLAND 2015–2020. Accesed 21/05/16 https://www.cancerresearchuk.org/sites/
default/files/achieving_world-class_cancer_outcomes_-_a_strategy_for_england_2015-2020.pdf.
33. CRUK (2010) Improving cancer outcomes: An analysis of the implementation of the UK’s cancer strate-
gies 2006–2010. Accessed at http://www.cancerresearchuk.org/sites/default/files/policy-improving-
cancer-outcomes-uk-cancer-strategy-2006-2010.pdf.
Exercise training in clinical practice for men on ADT
PLOS ONE | https://doi.org/10.1371/journal.pone.0197606 July 5, 2018 14 / 14
